Introduction
Pembrolizumab is an immune checkpoint inhibitors widely used for various cancers. It is an IgG4 monoclonal antibody targeting the programmed cell death-1 (PD-1) receptor. While it is effective for some patients, it may also be associated with immune-related adverse events (irAE), such as fulminant type 1 diabetes mellitus, which is rare but lifethreatening. Herein, we report a case of fulminant type 1 diabetes mellitus secondary to pembrolizumab in a patient with urothelial carcinoma, which is the first case of its kind, to our knowledge.
Case presentation
A 75-year-old Japanese man was diagnosed with right lower ureteral cancer with para-aortic lymph node metastasis above the diaphragm (Urothelial carcinoma, Grade2/high grade, cT3N2M1). The patient had no medical or family history of diabetes mellitus and previous glucose tests had been normal. Chemotherapy (Gemcitabine/ Cisplatin, three weeks per cycle) was initially administered, but after eight cycles, it was discontinued because of disease progression (Fig. 1) . Pembrolizumab (200mg/body) was administered every three weeks as the second line of the treatment.
Eight days after the third infusion of pembrolizumab, the patient presented at our emergency room with complaints of malaise and anorexia. The patient's level of consciousness was clear. Laboratory data showed a blood glucose level of 1092mg/dl with ketonuria, pH of arterial blood gas was 7.324, bicarbonate was 21.4 mmol/L. The patient's HbA1c was 6.7% (normal range 4.6-6.2%), C-peptide level was undetectably low and glutamic acid decarboxylase (GAD) antibody was negative. Adrenocorticotropic hormone (ACTH) was normal at 13.3 pg/ mL and cortisol was slightly high at 31 μg/dL. Pancreatic disease was ruled out by CT. The diagnosis was fulminant type 1 diabetes mellitus associated with pembrolizumab. The patient was managed with intravenous insulin infusion and subsequently switched to regular subcutaneous insulin infusion.
After leaving ketoacidosis, pembrolizumab was continued without delay. Further eight infusions of pembrolizumab were administered resulting in stable disease and no new severe side effects (Fig. 2 ). Fig. 3 shows the transition graph of HbA1c during pembrolizumab therapy.
Discussion
We present a case of fulminant type 1 diabetes mellitus induced by pembrolizumab for urothelial carcinoma, characterized by a rapid onset of malaise and anorexia, with high blood glucose level and ketonuria. Type 1 diabetes mellitus is a rare irAE of the PD-1 inhibitors, which occurs in 0.2% of cases.
1 There were several reports about type 1 diabetes mellitus associated with pembrolizumab in other cancer types, T concept of type 1 diabetes mellitus. 3 It is a syndrome characterized by extremely rapid and almost complete destruction of pancreatic β-cells. It shows a sudden onset and rapid course leading to hyperglycemia with symptoms of dry mouth, polydipsia and polyuria and ketoacidosis with symptoms of malaise, nausea and vomiting. HbA1c is characterized by a mild increase from normal, and insulin secretion is often depleted at the time of diagnosis. Generally, in fulminant type 1 diabetes mellitus, isletspecific autoantibodies, such as the GAD antibody, are negative. The early detection point for type 1 diabetes mellitus is monitoring of blood glucose and urinalysis at each hospital visit and educating the patient about the symptoms of hyperglycemia. This may diagnose it the hyperglycemia stage and avoid ketoacidosis. Type 1 diabetes mellitus is caused by destruction of pancreatic, insulin-producing β-cells. Programmed cell death-1 ligand (PD-L1) is expressed on pancreaticβ-cells. A non-obese diabetic mice model demonstrated that the inflammation of pancreatic islet cells deteriorates as the PD-1-PD-L1 pathway gets blocked, and triggers type 1 diabetes mellitus. 4 With a similar mechanism, pembrolizumab induces type 1 diabetes mellitus. Glucocorticoids can improve many of the irAEs. First, managements of grade 3 irAEs, such as colitis and interstitial pneumonia, are immunosuppressive corticosteroids at 1-2 mg/kg/day methylprednisolone intravenously before tapering to oral prednisolone upon improvement of symptoms. However, for type 1 diabetes mellitus, glucocorticoids are not effective because 80-90% pancreaticβ-cells are irreversibly destroyed. Alsksova et al. reported that glucocorticoids administered for type 1 diabetes mellitus associated pembrolizumab in a patient with malignant melanoma resulted in worsened glucose control and no benefit was observed. 5 To date as in until today, there was no consensus for the treatment of fulminant type 1 diabetes mellitus due to immune checkpoint inhibitors other than insulin therapy.
As stated above, due to the specificity of the disease, when glycemic status improves, pembrolizumab can be continued. For our patient, resuming pembrolizumab did, not worsen glycemic control to a severe degree. As the number of cases is too few, there is no conclusion on the antitumor response of patients who developed type 1 diabetes mellitus.
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Conclusion
During pembrolizumab therapy, it is important to remember that fulminant type 1 diabetes mellitus is a life-threatening irAE. Simple monitoring of ketonuria and blood glucose is essential. After glycemic recuperation, pembrolizumab can be safely continued without delay.
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